Science and technology that function as knowledge resources have shown a complex relation in the process of innovation, especially in the synthetic biotechnology industry, an industry bridging biology and engineering where its standardized, decoupled and modularized innovation mode has reconstructed rather than simply spanned the institutions of academic and industrial worlds. Multiple knowledge networks open a new avenue for studying the evolution of synthetic biotechnology. This paper first proposes a framework of integrating scientific and technological knowledge networks, then utilizes WOS's Cross Search function to construct the cross-reference between DII and SCI and SSCI, finally employs the indicators of network structures and nodes to analyze the multiple knowledge networks in the evolution of synthetic biotechnology. Results show that at the emergence stage (2000)(2001)(2002)(2003), scientific and technological knowledge are difficult to integrate with each other; at the exploration stage (2004)(2005)(2006)(2007), there exist significant intersection and symbiosis between scientific and technological knowledge; and at the growth stage (2008)(2009)(2010)(2011)(2012)(2013)(2014), scientific and technological knowledge give rise to independent logics of growth.
Introduction
Synthetic biotechnology originated from the launch of the human genome project and the rise of system biology in the 1990s. Life scientists use the concept R. F. Liu of electronic circuits in physics for reference to construct gene circuits with specific functions and logical relationships, and endow cells with new biological functions at the functional level [1] . With the great potential to promote the transformation of the biotechnology industry and solve the global food and energy crisis, the UK and the United States have successively promoted its monopoly in the global synthetic biotechnology innovation value chain through the establishment of synthetic biology research centers, the establishment of synthetic biology research networks, and the formulation of national synthetic biology development plans [2] [3] . China's synthetic biotechnology started relatively late. Since 2011, the Ministry of Science and Technology has successively approved 10 related 973 projects and 1 related 863 projects. The scope of funding mainly covers industrial synthetic biotechnology, and the targets of funding are mainly microbial systems that are easier to design. It is urgent to study the evolutionary model of synthetic biotechnology, especially the innovative features at now stage, to provide a theoretical basis for China to catch up with developed countries in synthetic biotechnology and other emerging industries.
Synthetic biotechnology bridges two major disciplines, life sciences and engineering. The subversive innovations it has achieved over the past decade have been driven by a number of scientific achievements and technological advances [4] . However, scientific knowledge and techno-logical knowledge in the evolution of synthetic biotechnology present a seemingly contradictory combination. On the one hand, technological innovation requires deep integration of disciplines such as life sciences, engineering, mathematics, chemistry, and physics. On the other hand, the construction of innovative value chains presents standardized, decoupled and modularized innovation mode [5] . Building complex networks is a hot topic in the research of technological innovation in recent years [6] , among which knowledge networks have received more and more attention [7] [8] . Because there is no direct correspondence between organizations/researchers and knowledge elements, as the original driving force of innovation, science and technology present a mixed state in the process of technological evolution [9] . It is difficult to clarify the complex knowledge flow in a single-layer knowledge network in the general sense. Although scholars in the field of innovation have done a lot of research on biotechnology, the understanding of synthetic biotechnology has always remained at the general branch of biotechnology. It is urgent to further study the influence of scientific knowledge and technological knowledge on the evolution of synthetic biotechnology, so as to provide theoretical basis for formulating scientific and techno-logical policies and planning industrial layout. Therefore, this paper proposes an analysis framework integrating scientific knowledge network and technological knowledge network to deconstruct the heterogeneous role of science and technology in the evolution of synthetic biotechnology.
Multiple networks are dynamic, reflecting the variability of individual net-R. F. Liu disintegration. The existing research mainly focuses on the discussion and analysis of the network evolution model and its motivation [10] . Cannella and
McFadyen's research found that the knowledge creation in the previous stage will have an impact on the strength of the connections between knowledge nodes in the latter stage of the network [11] . Demirkan and Deeds identified the main factors driving the evolution of scientific networks based on the data of 367 US biotech enterprises from 1990 to 2006, including network size, network strength and knowledge quality [12] . These researchers have found the variability of individual networks, but little consideration has been given to the linkage between networks at different levels. Because of the correlation between scientific knowledge network and technological knowledge network in the innovation path and the innovation resources, this paper uses network structure and node
index to further open the "black box" of synthetic biotechnology evolution.
Research Design

Conceptual Model
Building a multiple network is a frontier trend in complex network research, such as building a multiple network of social networks and their sub-networks 
Data Sources and Retrieval Strategies
The data in this paper comes from the Web of Science (WOS). WOS is an aca- Table 1 ). The data was downloaded in December, 2017.
Network Characteristic Index System
Empirical analysis based on network characteristic index system includes two R. F. Liu parts: 1) Analyze the structural characteristics of multiple knowledge networks by using network structure indicators, including network density, network degree distribution, connectivity of the networks, the pattern of clustering; 2) Analyze the characteristics of multiple knowledge network nodes by using Term Frequency-Inverse Document Frequency (TF-IDF), which is a network node index.
Multiple Knowledge Networks
After multiple screening and cleaning of the sample data, we use the visual text analysis tool CiteSpace to generate the keyword co-occurrence map, and then extract the literature and patent title keyword data, and use the complex network analysis integration software Ucinet to draw a clearer large-scale keyword co-occurrence network, thus obtaining the keyword co-occurrence network of focal patents, cited literature and cited patents at different research stages. In the overall network structure, the larger the node, the more the keyword appears in the title of the literature or patents' report, and the higher the co-occurrence frequency with other keywords. It is not difficult to find that there are many component networks (a group of related knowledge clusters) in the focal patents and cited literature and post-introduction patent keywords in each period. What's more, there are reachable paths between keywords in the component networks, but there is no connection between different component networks. It can be seen that secondary aggregation is formed within the network, and the evolution of the overall network can be decomposed into the evolution of each secondary network, which implies that even within the same network, there are still multiple technological subject development paths. At the same time, with the continuous development of synthetic biotechnology, the focal patents keyword network has been deepened, and the cited literature and the cited patent keyword network have presented different network characteristics. Therefore, it is helpful to deconstruct the evolution of synthetic biotechnology to analyze the multiple knowledge network from two dimensions: overall network structure and knowledge element network node characteristics.
Analysis of Structural Characteristics of Multiple Knowledge Network
R. F. Liu and patents at the emergence stage (Figures 1-3) , we found that, firstly, from the perspective of network density, the network density (0.015) of the cited literature is basically the same as the focal patents network density (0.016), which is lower than the cited patents (0.025). It shows that scientific knowledge is loose and technological knowledge is close at the emergence stage, and the distribution of innovation in synthetic biotechnology has high randomness. Secondly, from the perspective of network degree centrality, there are great differences between different knowledge networks. The degree centrality of the focal patent network, the cited literature and the cited patent network are 0.037, 0.649, and 0.175 respectively. This shows that the core node of scientific knowledge is prominent at the exploration stage, the core node of technological knowledge appears but has not yet been completely formed, and the distribution of synthetic biotechnology innovation is highly discrete. Thirdly, from the point of view of network diameter, the network diameter (3.5) of cited literature is slightly larger than that of cited patents (3.1), and both are much larger than that of focal patents (1.2). This trend is determined by the active knowledge flow of synthetic biotechnology.
Fourthly, according to the network cohesive subgroups, the cited network (40) it into two major categories: at the scientific level, little is known about biological systems; at the technological level, the engineering level at that time was not sufficient to control the complex microscopic biological system. Although the germination of synthetic biology bridges biology and engineering, the development of the two types of disciplines stems from the independent process of institutional, social structure and background shaping [9] .
Exploration Stage
According to the co-occurrence network of focal patents and its cited literature and patents at the exploration stage (Figures 4-6 
Growth Stage
According to the co-occurrence network of focal patents and its cited literature and patents at the growth stage (Figures 7-9 ), we found that, firstly, from the perspective of network density, the density of knowledge networks at all levels showed a significant decline. The focal patent network and the cited literature network were highly dispersed: the focal patent network density was 0.002, the cited literature network density was 0.002, and the cited patent network density R. F. Liu different. In particular, the nucleic acid ranked first in TF-IDF value in the basic patent keyword co-occurrence network is ranked lower in the post-citation keyword co-occurrence network, which shows that it is not the focus of synthetic biotechnology research in the emergence stage. From the core research field and core research themes, the similarity between the cited literature and the focal patents is low in the emergence stage of synthetic biotechnology, but the similarity between the cited patents and the focal patents is high, innovation mainly depends on technical knowledge.
Exploration Stage
At the exploration stage of synthetic biotechnology, the comparison of TF-IDF values of multiple knowledge network keywords shows (Table 3) Compared with the co-occurrence network of focal patent keywords, the core research fields and themes of the two networks are basically the same. It can be found that the core research field and the core research theme of the keyword co-occurrence networks of focal patents and those focal patents' cited literature/patents are basically the same, and the research field and research theme are also basically the same among the interval multiple knowledge networks with 
Growth Stage
At the growth stage of synthetic biotechnology, the comparison of TF-IDF values of multiple knowledge network keywords shows (Table 4 ): 1) In the co-occurrence network of focal patents keywords, the high TF-IDF values are nucleic acid, nucleotide sequence, synthetic gene, amino acids, amino acid sequence and host cell, etc. 2) In the co-occurrence network of cited patents keywords, the high TF-IDF values are nucleic acids, nucleic acid sequence, treating cancer, gene therapy, host cell and acetic acid, etc. Compared with the focal patents keyword co-occurrence network, although some research themes have differences, the core research field and themes are basically the same. 3) In the co-occurrence network of cited literature keywords, the high TF-IDF values are gene expression, nucleic acid, amino acids, breast cancer, tumor cell and plant genes, etc. Compared with the focal patents keyword co-occurrence network, although some research themes have differences, the core research field and themes are basically the same. It can be found that when the cited literature/patents keyword co-occurrence network and the focal patent keyword co-occurrence network are compared respectively, the core research field and themes are basically the same. However, when we compare the keyword co-occurrence network of the cited literature with the keyword co-occurrence network of the cited patents, we found that the core research themes are quite pared with the exploration period, the similarity between the later cited literature or the cited patents and the basic patents has been improved, but the similarity between the cited literature and the cited patents shows a decreasing trend.
Synthetic biotechnology innovation relies on relatively independent scientific and technological knowledge pathways.
Conclusions and Future Directions
From the perspective of global evolution, after more than ten years of development, synthetic biotechnology has completed the symbiosis of resources at the Second, the emergence stage of synthetic biotechnology evolution mainly depends on technological knowledge. The exploration stage mainly relies on scientific knowledge and technical knowledge with high similarity. The growth stage mainly relies on scientific knowledge and technical knowledge with low similarity. The analysis of the characteristics of multiple knowledge network nodes in the evolution of synthetic biotechnology indicates that: 1) At the emergence stage (2000) (2001) (2002) (2003) , the similarity between scientific knowledge and innovation network is low, while the similarity between technological knowledge and innovation network is high. Synthetic biotechnology innovation mainly depends on technical knowledge. 2) At the exploration stage (2004) (2005) (2006) (2007) , the similarity among scientific knowledge, technological knowledge and innovation network is at a high level, suggesting that synthetic biotechnology innovation relies on both scientific and technological new knowledge. 3) At the growth stage (2008-2014), Both scientific knowledge and technical knowledge have high similarities with innovation networks, but the similarity between the two types of knowledge networks is low, indicating that synthetic biotechnology innovation relies on relatively independent scientific and technological knowledge paths.
We believe that future research can be further extended from a synthetic biotechnology scenario to a more general emerging technology scenario. In recent years, emerging technologies such as artificial intelligence and digital manufacturing often span the two categories of science and technology, involving multiple research fields. Moreover, disruptive innovation triggered by these emerging technologies is closely related to the interaction between science and technology. So, the research on the evolution of multiple knowledge networks based on the technology life cycle has research prospects and research values. In addition, stage evolution research can be extended to dynamic evolution research. Relevant studies published in top international journals of management science in recent years have proved the dynamic nature of network indicators and the heterogeneity between cooperative networks and knowledge networks. However, insufficient attention has been paid to the dynamic evolution of "core relationships" between multiple networks, especially multiple knowledge networks. The relevant conclusions are likely to provide some important innovation management inspiration for the complex network field.
